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(54) Manufacturing method of plasma display panel and plasma display panel 



(57) The object of the present Invention is to provide 
a high-intensity, reliable plasma display panel even 
when the cell structure is fine by resolving the problems 
such as a low visible light transmittance and low voltage 
endurance of a dielectric glass layer. The object is real- 
ized by forming the dielectric glass layer in the manner 
given below. A glass paste including a glass powder is 
applied on the front glass substrate or the back glass 



substrate, according to a screen printing method, a die 
coating method, a spray coating method, a spin coating 
method, or a blade coating method, on each of which 
electrodes have been formed, and the glass powder in 
the applied glass paste is fired. The average particle di- 
ameter of the glass powder is 0.1 to 1 .S^m and the max- 
imum particle diameter is equal to or smaller than three 
times the average particle diameter. 
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Deecriptlon 

[0001] ThisapplicationisbasedonanapplicationNos. 10-127909. 10-1533 
filQd in Japan, the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0002] The present invention relates to a plasma display panel used tor a display device, and especially relates to 
a plasma display panel including an improved dielectric glass layer. 

(2) Description of the Prior Art 

[0003] Recently, expectations for a high-definition TV and a large-screen TV have been raised^ ^f/^f "J'J^^ 7^' I 
CRT display, a liquid ciystal display, or a plasma display panel has been conventionally used as a display clovice_A 
CRT display is superior to a plasma display panel and a liquid ciystal display in resolution and 7«90 quahty^A CRT 
display however, is not suitable for a large screen that measures more than 40 inches because the depth dimension 
and the weight are too large. A liquid crystal display is superior in consuming a relatively low power and requiring a 
relatively low voltage. A liquid ciystal display, however, has disadvantages of a limited screen size and viewing angle, 
on the other hand a plasma display panel realizes a large screen. Screens that measure i^. the '"^^/^''^^^ ''^^^^ 
developed using plasma display panels (described in 'Kino Zairyo (Functional Materials)' (Vol. 16, No. 2. February 
issue, 1996, p7), for instance). i i i^i- io = 

r00041 Fia 13 is a perspective view of the essential part of a conventional ac plasma display panel. In Fig. 13, a 
eference number 131 refers to a front glass substrate made of borosilicate sodium glass. On the surface o the fron 
glass substrate, display electrodes 132 are formed. The display electrodes 1 32 are covered by a dielectrjc glass laye 
?33 The surface of the dielectric glass layer 1 33 is covered by a magnesium oxide (MgO) dielectr« protect«/e layer 
134. The dielectric glass layer is formed using a glass powder the particle diameter of which ranges from 2 to 15Mm 

SjOSl'Treference number 135 refers to a back glass substrate. On the surface of the back glass substrate 135, 
Lddress electrodes 136 are formed. The address electrodes 135 are covered by a dielectric 9'««« '^J^ f,' °" 'J/ 
surface of the dielectric glass layer 137, walls 138 and phosphor layers 139 are formed. Between the walls 138. dis- 
charge spaces 140 are formed. The discharge spaces 140 are filled with discharge gas. K , • 1= 
rOOMl A full-specification, high^lefinition TV is expected to realize the pixel level given below The number of pixels 
s 1920 X 1125 The dot pitch is 0.15mm X 0.48mm for a screen that measures around 42 inches. The area of one eel 
is as small as o'.OTamm^. The area is 1/7 to 1 /8 compared with a 42-inch, high^fefinition TV according to a «^v«n^nal 
NTSC (National Television System Committee) (the number of pixels is 640 X 480. the dot pitch is 0.43mm X 1 .29mm. 
and the area of one cellls 0.55mm2). ... ^ .,. -rv/ /^„^„,iK«w io 
[0007] As a result, the intensity of the panel decreases for the full-specification. high-definition TV (described in 
40 'Disupurei Ando Imeijingu (Display and Imaging)" Vol.6. 1 992. p70. for example). ^ . , ^ 

fOOOm In addition, not only the distance between the discharge electrodes is shorter, but also the discharge space 
is smaller for the full-specification. high^eflnitk>n TV As a result, when the plasma display panel gams the same 
capacity as a capacitor, it is necessary to set the thickness of the dielectric glass layers 1 33 and 1 37 to be smaller than 

in a conventional one. -„.. •„ 

45 ro0O91 Here, the explanation of three methods of forming a dielectric glass layer will be given below 

0010 In the first method, a glass paste is made of a glass powder the particle diameter and the softening point o 

which ranges from 2 to iSjxm on average and from 550 to 600'C. and a solvent such as terpineol including ethyl 

cellulose and butyl cart^itolacetate using a trifurcated roll. The glass paste is printed ^^^^ 

according to a screen printing method (the glass paste is adjusted so that the viso^.ty is 50.000 to 1°° wh«:h 

so is suitable for the screen printing method). The printed glass paste is dried, and undergoes sintering at a temperature 
around the softening point of the glass powder (550 to 600'G). forming a dielectric glasslayer. 
room In the first method, the melted glass rarely reacts to the electrode made of Ag, TO, Cr-Gu-Cr, or the like since 
the glass paste undergoes sintering at a temperature around the glass powder softening point and the glass is inert 
I e the glass does not flow well. As a result, the resistance of the electrode does not increase, the electrode 'ngredients 

5S do not dispersed in or not color the glass, and a dielectric glass layer is formed with one firing. On the other hand, the 
glass paste does not flow well since the particle diameter of the glass powder ranges from 2 to 15pm on average and 
The glass paste is fired at a temperature around the softening point of the glass powder, and the rnesh pattern of the 
screen remains in this method. As a result, the surface of the formed dielectric glass layer is rough (the surface rough- 
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ness is 4 to Sum), and visiblo light is scattered on the coarse surface. In other words, the dielectric 9lass layer is a 
ground glass and the transmittance is relatively low. In addition, bubbles and pinholes appear .n the formed dielectric 
glass layer, so that the voltage endurance of the dielectric glass layer is decreased. Here, the voHage endurance means 
The limitation of the insulation effect of a dielectric glass layer when a voltage is applied to the dielectric glass layer^ 

5 S 2^ In the second method, a glass paste (the viscosity is 35.000 to SO.OOOcp (cent^ise)) ^ made "s.ng a low- 
melting lead glass powder (the proportton of PbO is about 75%) the particle diameter and the sof en in g point of which 
^nges from 2 to 15um on average and from 450 to 500-C. The glass paste is printed on the front glass substrate 
according to a screen printing method and dried. The dried glass pasta undergoes sintering at a temperature abouL 
lOO'C higher than the softening point of the glass powder, i.e.. at 550 to 600»C. forming a dielectric glass layer. In he 

w second rnethod. the surface of the formed dielectric glass layer is smooth (surface roughness is abou 2|im) since the 
sintering temperature is considerably higher than the softening point and the glass paste flows well. In addition, a 
dielectric glass layer is formed with one sintering. 

[001 31 On the other hand, the melted glass reacts to the electrode made of Ag. ITO. Cr-Cu-Cr. or the like since the 
glass paste is activated and flows well. As a result, the resistance of the electrode increases and the dielectric glass 
t5 teyer is colored. In addition, large bubbles are likely to appear in the dielectric glass layer as a result of the reaction to 

looSr'The third method is the combination of the first and second methods (refers to Japanese Laid-Open Patent 
Application Nos. 7-105855 and 9-50769). In the third method, a glass paste is made of a glass powder the partic e 
diameter and the softening point of which ranges from 2 to 1 5Mm on average and from 550 to 600-0. The glass paste 

20 is printed on the front glass substrate according to the screen printing method. The printed glass paste is dried and 
undergoes sintering at a temperature around the softening point, forming a dielectric glass layer On the 'o/med jlie- 
lectric glass layer, another dielectric glass layer is further formed. A glass paste is made of a glass powder the particle 
diameter and the softening point of which ranges from 2 to 1 Sum on average and from 450 to 500=C. The second glass 
paste is printed on the previously formed dielectric glass layer according to the screen printing method. The prin ed 

2S second glass paste is dried, and undergoes sintering at a temperature about 100=C higher than the softening point, i. 
e at 550 to eoO'C, forming the second dielectric glass layer. 

I001S1 Due to the bilevel structure, the melted glass rarely reacts to the electrode and the surface of the dielectric 
glass layer is smooth, resulting in an improved transmittance of visible light and endurance to voltage. At the same 
time however, the method of forming the dielectric glass layer is complicated and a thinner dielectric glass layer, which 
30 is necessary to improve the intensity, is difficult to form. In addition, the visible light transmittance is not improved so 
mush since bubbles appear in the first fonned dielectric glass layer 

SUMMARY OF THE INVENTION 

3S [00161 It is accordingly an object of the present Invention to provide a reliable, high-intensity plasma display panel 
in which the visible light transmittance is high even when the plasma display has a fine cell structure since the problems 
of low visible light transmittance and low voltage endurance are solved. The above-mentioned object may be achieved 
by the manufacturing method of plasma display given below. 

[0017] in the manufacturing method of plasma display, a glass paste including a glass powder the average particle 
40 of which is 0 1 to 1 .Sum and the maximum particle diameter of which is equal to or smaller than three times the average 
particle diameter is printed on the front glass substrate or the back glass substrate on which electrodes have been 
formed according to a screen printing method, a die coating method, a spray coating method, a spin coating method, 
and a blade coating method. Then, the glass powder in the printed glass paste undergoes sintering, forming a dielectric 

45 roSTsr The object of the present invention may be realized since a dielectric glass layer having a relatively smooth 
surface and including a minimum amount of bubbles is formed using the glass powder that has been described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

BO [001 91 These and other objects, advantages and features of the Invention will become apparent fromthe following 
description thereof taken in conjunction with the accompanying drawings which illustrate a specific embodiment of the 
inventkxi. In the Drawings: 

Fig. 1 is a perspective view of the main structure of an ac discharge plasma display panel; 
55 Fig. 2 Is a vertical sectional view taken on line X-X of Fig. V, 

Fig 3 is a vertical sectional view taken on line Y-Y of Fig. 1; 

Figs. 4A to 4E show the process of forming a discharge electrode according to a photolithographic method; 
Figs. 4A to 4D show the process of forming an ITO transparent electrode; 
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^rr:;:nri^.r So ?ChSa, V^por Ooposmon) device used In forcing a proteC.o .ayen 
Fiq 6 is a schematic diagram of an inic coating device used in terming a phosphor layer; 
Fig 7 is a schematic diagram of a die coaler used In lomning a dielectric glass layer; 
Fig 8 is a schematic diagram of a spray coater used In forming a dielectnc glass layer; 
Fig 9 is a schematic diagram of a spin coater used In fomiing a dielectric glass layer; 
Flo 10 is a schematic diagram of a blade coater used In forming a dielectnc glass layer; 
Fig: 1? i; a Sle JllSving the relations between the melting speeds and the average particle diameters of g^ss 

Srizthows the relations between thickness and voltage endurance of dielectric glass layer; and 
Fig. 1 3 is a perspective view of the essential part of a conventional ac plasma display panel. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

r00201 First of all the explanation of the structure of a plasma display panel (referred to as a 'PDP- in this specifl- 

sTmed t^fplIc^^g d'Sharge electrodes (display electrodes) 1 2, a dielectric gtess layer 1 3 and a P^'-^ive layer 1 4 
on aT^St irs^^^^^^^ 11 The back panel 20 is formed by placing address electrodes 22. a dielectrw: glass layer 
II wX24 and phoX^^ la^^ 25. each of which has a diflerent color 'R (red)". 'G (green)" and "B (blue)", on a 
bac^a ass substrate 21 m discharge spaces 30 between the front panel 10 and the back panel 20. discharge gas is 
Sed toie dT^hSo ele^^^^^ a metal electrode made of Ag. or Cr-Cu-Cr is placed as a bus line on a transparent 

S^r-rsipr th^^^^^^^ .-ing the discharge electrode is -S-. the thickness o, the dielectric 

class aversTs and 23 is "d". the permittivity of the dielectric glass layers 1 3and 23 is V. and the armont of the etec nc 
on the i^^^^^^^^ S'aks layers 13 and 23 is -Q-, capacitance -C" between the discharge electrode 12 and the 
address electrode 22 is represented by an Equation (1) given below 

C = eS/d Equation (1) 

[0024] suppose that the voltage applied between the discharge electrodes 12 and «<f;«/^'^|^^^^^ 
Ihe relat«n between the voltage "V and the electric charge amount "Q" is represented by an Equation (2) below 

V = dQ/eS Equation (2) 

[00251 Notothatthedischargespacesareinplasmacondltlonatthetlmeofdisc^iargesothatth^^^ 

b:rs^-ra-i^^^^ 

!s decrea^d ra resun. when an address pulse and a display pulse are applied, the dielectnc glass layers are easy 

iMM^In the oresent invention, the approach to the Improvement of the voltage endurance and the visible light 
[Sfsllncr^Te del^^^^^^^^ of the average and maximum particle dimeter of the gfess powder in the dielectnc 

Sri^Vs'pSicexplanationofthemanufacturi^ 

fOOSOl First the explanation of how the front panel 1 0 Is formed is given below ^^^^^Hinn to 

00311 on he surface of the front glass substrate 11 . the discharge electrodes are formed in parallel according to 
rphl<S,hr;aph^ m'em^^ which is well known in the ar,. Then, the dielectric glass layer is formed using a g^ss 
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material to cover the discharge electrodes 12. which will be explained later in detail. Or, the surlace of the dielectric 
oia<5fi laver 1 3 the protective layer 1 4 made of magnesium oxide (MgO) is formed. , • _^ u 

?M321 T^e pl^oXSaphic method, in which the discharge electrode 1 2 is formed, will be bnefly explamed betow 
K RQS 4A to 4^show the process of forming the discharge electrode 12 according to the photolithographic 
S Fi st a predtfe^inod thickness (tor instance. 0.^2^) of ITO layer 41 , is formed by ^J^^J-^ 
Sa^s substra e 11 as shown in Fig. 4A. Then, a photoregister layer 42 is formed as shown in Fjg. 4B. fi.«^°^ "^'9^ 
S Hght beam^^^ are applied using masks 43. and a predetermined width (tor instance ISO^m) of ITO ^^Uodes 
S are formed in parallel after devetopment (the interval between the ITO electrodes 45 is. tor instance. 50^m) as 
Shown n ng 4D. After that, a light-sensith.e silver paste is applied across the surface as ^^^^^^^f 
orretermined width (tor instance, SOum) of Ag bus lines 46 (metal electrodes) are formed on the ITO electrodes 45 
ar^soa^m^ ec uo^es^^^^^ to Z photolithographic method. After a firing at a predetemiined temperatu e. the 

Samre ecfrc^ts 12 a^ foled. When three-tier metal layers made of Cr-Cu-Cr are used as the bus (metal 
SS^esrthemeta electrodes are formed in the manner given below Each of the metel layers vaponz^d n the 
StSon th^transparent electrodes that have been formed by patterning as has been described. Resits are 
appS ^the surface of the vaporized layers, and metal electrodes are formed by patterning according to the photo- 

IS^T'l^eTxSSation of how the protective layer 14 is ,om,ed by a CVD (Chemical V.por Deposition) will be given 

below with reference to Fig. 5. , . . .^.^ i„„..r ia 

rnn-Ki Fia 5 is a schematic diagram of a CVD device 50 used in forming a protective layer 14. , . , 

.0 S ^^'e CVD 50 perfonr^s a heat CVD and a plasma CVD. In a CVD device body 55, a ^eat- 56 for 

So a Qlass substrate 57 (the front glass substrate 11 on which the discharge electrode and the dielectrK; glass 
S 13 afformSVn Rg 1) s included. The pressure in the CVD device body 55 is reduced by an exhaust device 
S. A hi'f rlquX power supply 58 for generating plasma in the CVD device body 55 is included in the CVD device 

25 ^^371 Argascylinders51aand51bprovidetheCVDdevicebody55withargonlAr]gasthatisacarrierviavaporizers 

KS'''ln\'ach1>nhe vaporizers 52 and 53, a maqnesium compound is stored tor forming the protective layer 14^ 
Epecif^ally a metll chelate such as acetylacetone magnesium (Mg(CsH,02)2l, a cyclopentadienyl compound 
^uch rcy lopS^^^^^^^ magnesium IMg(CsH,),]. and an a.koxide --P-^'^J-'^-f '^^^^^^^^^^ 
30 100391 An oxygen cylinder 54 provides the CVD device body 55 with oxygen [O^] that is a reactant gas. 

SSS WheMhe protective layer 14 is formed in the heat CVD, the glass substrate 57 is placed on the heaUe 56 
Ke side on which the electrodes have been fomied up. and is heated at a predetermined tenriperature (about ^ 
0^)^ lanwS;eTe pressure in the CVD device body 55 « reduced (to about a several tens of Torr) by the exhaust 

35 ^ in the vaporizers 52 and 53. Ar gas is put from the Ar gas cylinder 51a and 51b while ^^^"[^^^vSdei^e 

p^eLminedvaporizationtemperature. Meanwhile. oxygen isprovided by theoxygencyhnd^^ 

f^af ■ The metal chelate, the cyclopentadienyl compound, or the alkoxide compound put into the CVD device body 
ST'IeaSd to me oxygen tha.'is a'iso put into the CVD device body 55^ As a result, on the surface of the g^ss 
40 substrate 57 on which electrodes have been fomfied. the protective layer 1 4 is formed. 

^iSr in me p2ma CVD. the protective layer 14 is formed in almost the same procedure using the CVD device^ 
fhepLmaCvSdiffersfrom th 

ISrfrerd (13 iwHz) is appned. In the plasma CVD. the protective layer 14 is formed while plasma is caused in 

the CVD device body 55. 
45 ro0441 The back panel 20 is formed in the manner given below. 

K St the address electrodes 22 are formed on the surface of the back glass substrate 21 according to the 
photomhographic method. Note that the address electrodes 22 are made of -"f 

100461 T^en the dielectric glass layer 23 is formed in the same manner as the front panel 10 so "^^t the dielectric 
gl^layeTss covers the address electrodes 22. The fom,ing of the dielectric glass layer 23 will be expbined later in 

*° f^Tl On the dielectric glass layer 23. walls 24 made of glass are placed at a predetermined Inten/al. 

K ° eal^fthe s^^^^^^^ bJ^ween the walls 24. differently colored phosphors of a red ('^1''''^ ' Mh^.Ts 
^^ihospho;, and a blCe CB") phosphor are arranged to fomi phosphor ^5. Mhoug^^^^^^^^ that is 

generally used for a PDF may be used, another kind of phosphor is used for the -R , G . and B phosphors. 



55 



Red phosphor (YxGdi.,)B03:Eu^ 

Green phosphor: Zn2Si04:Mn 

Blue phosphor: BaMgAl^oOi 7: Eu^* or 
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BaMgAli4023:Eu2* 

10049] An example of the methcx) of forming the pfiosphors that are placed between the walls 24 will be given below 

5 [0050!'* Fi? 6 a schematic diagram of an ink coating device 60 used in fomiing a phosphor layer. First, a phosphor 
mixture of a red phosphor ^^^.Bd^ powder, ethyl cellulose, and a solvent (a-terpineol) (the mixture ratio is 50wt%: 
1 0wt% 49wt%) having a predetennined particle diameter (for Instance, the average particle diameter is 2.0Mm) is 
stirred using a sand mill in the san/er 61 .Then, coating liquid having a predetermined viscosity (for instance, 1 Sep) is 
added and red-phosphor-forming liquid 64 Is injected from the nozzle unit 63 (the diameter is SOjim) of an injector at 

10 the pressure of a pump 62 into an interval between walls 24. which has forms of stripes. At that time, the substrate is 
moved straightly to form a red phosphor line 25. In the same manner a blue phosphor line (BaMgA^oOi7-E"^ ) ana a 
qreen phosphor line (ZnaSiO.iMn) are formed. Then, the red, blue, and green phosphor lines are fired at a predeter- 
mined temperature {for instance, at 500 -C) for a predetermined period of time (for instance, tor 10 minutes) to form 

15 IwsTr Th°e IxpIanSjn of how forming the PDP by sticking the front panel 1 0 to the back panel 20 will be given betow 
0052] The front panel 1 0 is stuck to the back panel 20 using an attaching glass, the inside of the discharge spaces 
30 divided by the walls 24 are exhausted to a high degree of vacuum (8x10-7 jorr). After that a predetermined com- 
position of discharge gas is filled at a predetermined pressure to form a PDP. 

roosai Note that the cell size of the PDP in the present embodiment is set so that the cell size Is suitable for a high- 
20 deflnitwn TV whose screen measures in the 40 inches. More specifically, the intcn/al of the walls 24 is set to be equal 
to or smaller than 0.2mm and the distance between the discharge electrodes 1 2 is set to be equal to or smaller than 

[0054] Meanwhile, the discharge gas filled Into the discharge spaces 30 is a He-Xe or a Ne-Xe gas that has been 
used. The composltkxi, however, is set so that the content of Xe is equal to or more than 5vol% and the infusion 

25 pressure is 500 to 760Torr. 

rOOSSl The explanation of how forming the dielectric glass layer 13 will be given betow. 

rOOSei The dielectric glass layer 1 3 is formed on the surface of the front glass substrate 11 on which the discharge 
electrodes 12 have been fonned according to the screen printing method, the die coating method, the spin coating 
method, the spray coating method, or the blade coating method using a glass powder the average particle diameter 
30 of whtoh is 0.1 to 1 .5jim and the maximum particle diameter of which Is equal to or smaller than three times the average 

rOOSTl By using such a glass powder, a dielectric glass layer that is a solid sintered metal oxide that include a relatively 
small number of bubbles and has a relatively smooth surface may be obtained. Note that the particle diameters are 
measured using a Coulter counter grading analyzer (a particle size measuring instrument of Coulter K.K.). by which 
35 the number of particles are counted for each particle diameter (the Coulter Counter is also used In the examples given 

[00581 The particle diameters are adjusted by crushing the glass raw material so that a predetermined particle di- 
ameter would be obtained using a crusher such as a ball mill and a jet mill (for instance, H JP300-02 o Sug.no Machine 

Limited). When usingthe glass lncludingthecomponentsG1,G2,G3 GN. as the glass raw matenal, the components 

40 G1 G2 G3 ,GN are weighed according to the component ratio, melted in a furnace at 1300°C. and put into water. 
The glass material Is a PbO-BPa-SIO^-CaO glass, a PbO-B^Oa-SiO^-MgO glass. « ^''O-BsOa-S'OrBaO gias^ 
PbO-BPa-SiO^-MgO-AiPa glass, a PbO-B^O-SiO^-BaO-Al^Oa glass, a PbO-BaOa-SiOa-CaO-AI^Oa gtess, a a^Og- 
ZnO-B!o3-Sio!-CaO glass, a ZnO-BPa-SiOa-AlaOa-CaO glass, a PaOs-ZnO-AlaOa-CaO glass, an NbaOs-ZnO-BaOa- 
Si02-CaO glass, or the mixture of any of these glasses. Note that any glass that is generally used for a dielectric 

45 element may be also used. . ,, ..u „ ar,H = 

[0059] As has been described, a predetermined partwie diameter of glass powder is mixed well with a binder and a 
binder dissolution solvent in a ball mill, a dispersion mill, or a jet mill to form a mixed glass paste. Here, he binder is 
an acrylic resin, ethyl cellulose, ethylene oxide, or the mixture of any of them. The binder dissolution solvent is terpineol, 
butyl carbitol acetate, pentanediol. or the mixture of any 0I them. The viscosity of the mixed paste is set to be suitable 

so tor an adopted coating method by adjusting the amount of the binder dissolution solvent in the mixed paste. 

[0060] To the mixed glass paste, a plasticizer or a surface active agent (dispersant) is favorably added as necessary 
A plasticizer makes the dried glass coating, i.e.. the dried printed glass paste pliant, reducing the frequency of he 
occurrence of cracks in the glass coating at the time of sintering. A surface active agent sticks around the particles 
and improves the degree of dispersion of the glass powder, resulting a smooth surface of a glass coating^ As a result. 

ss adding of a surface active agent is effective especially to the die coating method, the spray coating method, the spin 
coating method, and the blade coating method, in which a glass paste with a relatively low viscosity is used 
[0061] Here, the favorable composition of the mixed glass paste is a 35 to 70wt% of glass powder and a 30 to 65wl A. 
of binder ingredient including a 5 to 1 5wt% of binder. The amount o( plasticizer and the surface active agent (dispersant) 
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2B 



is favorably 0.1 to 3.0wt% of the binder ingredient. ,. w i ^^-.m ^m^,i 

[00621 -me surface acth/e agent (dispersant) is an anion surface active agent such as polycarboxyl.c acd. alky 
diphenyl ether sulfonic acid sodium salt, alkyl phosphate, phosphate salt of a high-grade alcohol, ^^^rtoxy^^c ac.d erf 
polyoxyethylene ethlene diglycerolboric acid ester, polyoxyethyleno alkylsulfuric acd ester salt. naphthaienesuHonic 
SSaTcondensate. ^vierol monooleate. sorbitan sesquiote^^^ 
late, dioctyl phthalate. glycerol, or the mixture of any of them. 

[0063] The mixed glass paste is printed according to the screen printing method, the die coating method, the spin 
Lating method, the spray coating method, or the blade coaling method on the front glass substrate 11 on the surface 
of which the discharge electrodes have been formed. The printed mixed glass paste is dried and the glass powder in 
L mixed glass pa^e undergoes sintering at a predetemnlned temperature (550 to 590-C). The t^P^'^t"^ o' 
sintering Is as close as possible to the softening point of the glass. When the mixed glass paste ""''«;9°°f 
at a ter^perature too much higher than the softening point of the glass, the melted glass flows so wel that the glass 
reacts to the discharge electrodes, resulting the frequent occurrence of bubbles in the dielectric glass layer 
[0064] As the dielectric glass layer is thinner, the intensity of the PDP is more improved and the discharge voltage 
s more reduced. As a result, the thickness of the dielectric glass layer is set as small as possible as long as the voltage 
endurance is kept. In the present embodiment, the thickness of the dielectric glass layer 13 is set at a predetermined 
value smaller than 20nm that is the thickness of a conventional dielectric glass layer. ,^,in„ 
[0065] The explanatton of the printing of the mixed glass paste using the screen printing method, the die coating 
method, the spin coating method, the spray coating method, and the blade coating method vvill be Q^^^" ''«tow 
[0066] First the screen printing method will be explained. In the screen printing method, the mixed glass paste that 
has been described (the viscosity of which is about SO.OOOcp) is placed on a stainless mesh of a predetermined mesh 
Size (for instance. 325 mesh), and is printed using a squeegee so that the thickness of the printed mixed glass paste 
is a desired thickness. 

[0067] Then, the die coating method will be explained. , e..h=»r=t» 

0068 Fig. 7 is a schematic diagram of a die coater used in forming a dielectric glass layer. A front glass substrate 
71 on which discharge electrodes have been formed is placed on a table 72. A glass paste 73 the viscosity of which 
has been adjusted to be equal to or smaller than SO.OOOcp is put In a tank 74. The glass paste 73 is guided by a pump 
75 to a slot die 76 and is delivered from a head nozzle 77. coating the substrate. The distance between the head nozzle 
77 the viscosity of the glass paste 73. the number of coating (the thickness of a glass paste layer formed by one 
costing is 5 to 1 00m m). and the like are adjusted so that a desired thickness of glass paste layer is obtained. 
100691 The spray coating method will be explained. i_ . 

0070 Fig. 8 is a schematic diagram of a spray coater used in forming a dielectric glass layer. A front glass substrate 
Ll on which discharge electrodes have been formed is placed on a table 82. A glass paste 83 the viscosity of which 
has been adjusted to be equal to or lower than lO.OOOcp is put In a tank 84. The glass paste 83 is guded by a pump 
85 to a spiay gun 86 and is spouted from a nozzle 87 (the insider dimeter of whfch is lOC^ m), coating the front panel 
81 so that the thickness of a glass paste layer is a desired thickness. The thicknessof the glass paste layer 's controned 
by adjusting the viscosity of the glass paste 83, the spray pressure, the number of coating (the thickness of the glass 
paste layer formed by one coating is 0.1 to Sum), and the like. io r«.torrort tn 

[0071] Note that while a glass paste changes into a slurry as the viscosity is decreased, a glass paste is referred to 
40 as a paste even when the viscosity is decreased in this specification. 

[0072] Then, the spin coating method will be explained. , , ...K=trot» 

0073 Fig 9 is a schematic diagram of a spin coater used in forming a dielectric glass layer. A front glass substrate 
91 on which discharge electrodes have been fomrted is placed on a table 92. which rotates about a vertical ^.s. A 
glass paste 93 the viscosity of which has been adjusted to be equal to or lower than lO.OOOcp is put in a ta"k MJhe 
45 glass paste 93 is guided by a pump 95 to a spin coat gun 96 and is delivered from a nozzle 97. coating the front Panel 
il so that the thickness of a glass paste layer is a desired thickness. The thickness of the glass paste layer is controHed 
by adjusting the viscosity of the glass paste 93, the rotation speed of the table 92, the number of coating (the thickness 
of the glass paste layer formed by one coating is 0.1 to Sum), and the like. 

[0074] Next, the blade coating method will be explained. . , , .h«tr=to 

so 0075 Fig. 1 0 is a schematic diagram of a blade coater used in forming a dielectric glass layer A front glass substrate 
101 on which discharge electrodes have been formed is placed on a table 1 02. A glass paste 1 03 viscosity of which 
has been adjusted to be equal to or lower than 15,000cp Is put in a tank 105, which is ^q7Pf„^J«'''\%'''^''V,Si,^i« 
tank 105 is drawn in the direction of an arrow 106 and a certain amount of the glass pasLe 103 deIl^^ered f rcx^ the 
blade 1 04on the glass substrate so that a predetemnined thickness of glass paste layer is applied on the glass substrate. 
SB The thickness of the glass paste layer is controlled by adjusting the viscosity of the glass paste 103, the distance 
between the blade and the glass substrate, the number of glass paste layer application , and the like. 
[0076] Here, the screen printing method, the die coating method, the spin coating method, the spray coa ing method, 
and the blade coating method are compared with each other. In the screen printing method, a paste (ink) the viscosity 
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of which is relatively high is used. i.e.. an ink that is easy to flow is used. As a result, the mesh pattern ,s 'eft on the 

sL^e Of aSed dielectric element at the time of drying after the printing, generating an ""f 

faversuriace e er to 'Saishin Purazuma Dlsupurei Seizo^ijutsu. Gekkan FPD Intenjensu (L««f J'^'"^ ^'^^'^^ 

l^nutacturingMomod.M 

^"eriSrS me average particle diameter of the gla^ 

^oua to ^r smalter than three times the average particle diameter is used in the screen pnnting method. As a result. 
hoTn tennesT^^^^^^^^^ of the dielectric glass layer appears less frequently and the visible light transm-tt^ce 

stmpr^ed co^Sr^ with when using a conventional glass material in which the ---^9^P^«-'^,,^'^7;^; " 
lo ^ Srger than 2^m. Even so. however, the mesh pattern is still left, so that the screen pnnt.ng method .s susceptible 

loo'J^"' On ?h"e other hand the glass paste has a relative^ low viscosity. i.e.. the glass paste is easy to flow, and no 
Ss use^nte die citing me.hS me spin coating method, the spray coating method, and the blade c<^.ng 
memo^ M a esult. no mesh pattern is left on the surface of the dielectric element, resulting smoother ^"rface «nd 
t^e r^re improved visible light transmittance compared with in the screen printing method. Cor^equently. the d e 
the spin coating method, the spray coating method, and the blade coat.ng method .s more su-table 
as a method of forming a dielectric glass layer. ^ .„u 

100781 The explanation of how the dielectric glass layer 23 is formed will be given below. 

S The dSectric glass layer 23 in me same manner as the dielectric glass layer 1 3 using a glass po^er in which 
5 to SwtJof iS^^Xd to me glass powder that has been used in forming the dielectric glass layer 1 3. By adding 
fhe toI! t^e Jiirric glass layer I3 on me back glass substrate 21 reflects me light emitted f «xn a phosphor toward 

IS^T ?Se'more the T,0, : included in a glass powder, the higher the reflectivity. On me other handle morejhe 
T^L included, me more fhe voltage endurance decreases. As a result, me maximum amount of the TiO^ .s 30wt /, 

SSll''"iS'aTa;i Of no, effects me appearance of bubbles in the dielectric 9lass layer, so that 

Kalorabfe to use a glass powder in wh«h me average particle diameter Is 0. 1 to 1 .5^m and the maximum part«le 
iariXJequaitoorsmallerthanmree^^^^^ 

in which the averaqe particle diameter is 0.1 to 0.5|im. 

[MMl -Sie 'eaSn Slhy me frequency of the bubble appearance in a dielectric glass layer is decreased when me 
particle diameter of the glass material is decreased will be given betow. Hi=,«»t«r iha alass material 

[00831 First, me reason why me frequency of me bubble appearance depends on the diameter of the glass matenal 

S 'Tnf gis material, glass particles with relatK/ely small diameters mert earlier than those with ;e'atK'eV large 
Sters When an applied glass byer includes glass particles with different diameters, by me end of me sirntering^ 
SSarticl with relative^ small diameters melt and fkx^culate due to mo fluidity, having no gap 
SroughAUhis time, when largerdiameterpart^ 

oaSs As a result, because of the melting speed difference between me glass particles, the interstices arnong 
fiaS large Seter particles are left as bubbles after sintering. As has been descirbed. bubble apPearance de- 
Lrron thrp™diameter of a glass powder, i.e.. there is a high correlation between the particle d'ameters of a 
Ss powderS^^^^^^^^ of L babbles appearing in a glass layer. As a --Mho fn^^^^^^^^^^ ^IT^T: ' d 

appearance In the glass layer is decreased by setting me glass powder average particle diameter at 0.1 »o ^ ^^"^ ^nd 
meSmuriparticlediametertobeequ^ 

Note that even when the particle diameter is set as has been described glass particles w-th rela^ve^ 
smaSdSmeteVs melt earlier man those with relativeV large diameters, so that me glass particles that rnelt earlier 
S la te earlrle to the fluidity by the end of me sintering. In mis case, however, the melting speed d-Herence is 
small, t a result, me frequency ol bubble appearance is decreased. The phenomena is confirmed by the expenences 

>n addition, me surface of me front and back glass substrates 11 and 21 after the '-"^;n9 ^^^^^J^;; 
elecuodes 12 and the address electrodes 22 is uneven anyway. Especially when the discharge electrodes 12 and the 
idS electrSes 22 are formed according to the photolithographic method, large projectK^ns are 'omied on the 
suSLce S nce^electrfc glass layers are formed on the surface, on which me P^^i^^'r^'^ ''^^^^'^''^Z:^^^ 
12 and the address electrodes 22 have been formed, bubbles remain in depressions. This "^^f ° ^^^^^^ 
Ippearance in a dielectric glass teyer. In me present embodiment, me average particle diame er of he 9^^ ma^na 
is 0 1 to 1 sum The average diameteris smaller than mat of a conventional glass material, i.e., 2 to l^t""^ 
words me cTss rnaterlal in the present embodiment includes a greater amount of small diameter glass Particles^ As 
Tresult the probJ^^^^^^^^ higher 'hat small diameter particles fill me depressions to decrease the frequency of bubble 

^"""eC^SCffh^w different the mening speed of glass materials wim different particle diameters will be 
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i t,^^^^^^^^^^^ ''^twoen ,he me..^g speeds and the average par,ic.e diameters ot 

g^sJLfeJia s Glass materials with the average diameter of O.BS^ and 3.17.m l^'^^^Jl^/JI^ZZa 
size of circular cylinders by the application of pressure. These circular cyhnders are ^^^'^i^i^VroSS^.^T-^ to 
5 mm and the photographs of the circular cylinders are taken every time the temperature increases 20»C from 4O0 to 
SS'c lTng a heaSng microscope. The black pictures represent the circular cylinders. AS cl^^^^^^^^ 
nStina speed of the circular cylinder of the glass material of smaller diameter particles is larger than that of the large 
SSer'irJcl at me same'temperature.^The experiment is described in detail in "Denki Kagsku (Electrochemical) 

,0 I(S^2^;y^^ibeTdeS*'i^he 

Leclred even when the dielectric glass Iayers13and23aresetthinner in the present eo^^^^^^ 

even when the thickness otthedielectric glass Iayers13and23are set to be equaltoorsmalleM^^^^^^ 
the intensity, the decrease of the voltage endurance due to a thinner thickness is prevented. As a result, the effects of 
improving the panel intensity and decreasing the discharge electrode are obtained at the same time. 
15 00891 In addition when the dielectric glass layers 1 3 and 23 are set thinner, the voltage endurance is sufficiently 
Lecurld AS alri.' ^ ou standing initial performance such as higher panel intensity and a lower discharge voltage 
may Le mtfn?a[nod for a relatK^eV long ^^^^ 

furthermore tormed using relatively small glass particles, the dielectric glass layers 13 and 23 have highly 
smSm surfSesTa result, the dLectric gLs ^yers 13and 23 have a relative^ high visible light transmit^anc^^^^ 
iSS Note that While a relatively fine glass powder Is used In fom,ing a 

Lnd back panels 10 and 20 in the present embodiment, the relatively fine glass P^*'!^;,'^^^ ^ "^f .^'^ 
the front and back panels 10 and 20. In addition, when a dielectric glass layer is fomied only on the side of the front 
uanel 10 in a PDF. the relatively fine glass powder may be used only for the front panel 10. 
[0092] The explanatton of specific experiments shown as examples (1 ) and (2) will be given betow 
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[Example (1)] 

[0093] (Tablet) 
30 (Table 2) 
(Table 3) 
(Table 4) 
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0094] Tables 1 and 2 show the conditions concerning the fomiing of the dielectric glass layer 1 ^ ^Jf « 
f mnVr>anel 1 0 (alass composition, average particle diameter, glass paste composition, finng temperature, and the like) 

20 (glass compositton. average particle diameter, glass paste composition, firing temperature the like). 

[00951 In the example (1). dielectrk; glass layers are formed using the lest samples Nos. 1 to 14 on Tables 1 to 4 

foo^'n^rPD^^^orr^L^^^^^^^^^^^ 

12 and the address electrodes 22 are covered by the dielectric glass layers 1 3 and 23 formed using the glass powder 
'n^i^^eioZeTe^nic^e diameter is 0.1 to 1 .S^m and the maximum particle dimeter is equal to or ^^^^^^ 
Ihr^ times tha average particle diameter according to the foregoing embodiment. The thickness of the dielectric glass 

t^^'Ts^'l.:::.':^^^^^^ g*ven below For a high-definltion TVhaving a screen that measures 42 

nches the height of the walls 24 is set to be 0.1 5mm. the interval between the walls 24, i.e.. the cell prtch is se to be 
Tsmm and Iho interval between the discharge electrodes 12 is set to be O.OSrnm. An Ne-Xe mixed gas including 
5vol% ot Xe is filled into the discharge spaces 30 at the infusion pressure of 600Torr. 

100981 The protective layer 14 is formed according to the plasma CVD method. In the plasma CVD method, acety 
acetone magSum lMg(C,H,0,)d or magnesium dipivaloylmethane 

conditkxis in the plasma CVD method are given below The temperature of the vaporizers is set to be 125 C and the 
tempe^u re to heat the glass substrate is set to be 250-C. One liter of Ar gas and two iters of ^^^^f^^^'f^P^^ 
a Zss substrate per minute. The pressure is decreased to 1 0Torr, and 1 3.56MHz high-frequency electnc field at 300w 
fs aDoLd U^^a Ngh^requency power tor 20 seconds. The MgO protective 1 4 is tombed so that the thickness is to be 
1 oS. CsP-?^^ 'orming th'e protective layer 1 4 is 1 .0,m/minute. An X-ray ---^^^^ ^l^^^ZVr'^nTl^^^^ 
heT^tect^^e layer 14 orientates to (100) face for all of the test samples when using erther of "^SlCsH^O^ja and Mg 
C H O ) as the source Note that the protective layer 14 is formed according to the plasma CVD method. The 
S^lacStics^^^^^^^^ 

magnesium or magnesium dipivaloylmethane. 
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r00991 For the dielectric glass layer 1 3 on the side of the front panel 1 0, while a PbO-BaOg-SiOa-CaO-AlaOg dielectric 
SSs^ls uSTn the POPS corresponding to the test samples Nos. 1 to 8. a PbO-B,03-SiO,-CaO-At03 d.eloctnc glass 
i<i uied in the PDPs corresponding to the test samples Nos. 9 to 14. ..... 

[oiS Vor the dielectric Ess layer 23 on the side of the back panel 20. a glass material In which titanium ox.de .s 
added to a PbO-BaOg-SiOa-CaO dielectric glass as the filler. i„,K<.t»c. camniot 

foi01] The PDpI corresponding to the test samples Nos. 7. 8. 1 3, 1 4 are comparative examples Jn the test samples 
Nos 7 8, 13. 14, the dielectric glass powders used for tomiing the dielectric glass layers 13 and 23 have the charac- 
te^ticsgivenbelow.C>,thesldeofthefrontpanel10,theaverageparticlediameteris3^0Mmandthen^^^^ 
diameter is 6 Oum in the test sample No. 7. the average particle diameter is 1 .5nm and the maximum particle diameter 
f eXm Jour Zs the average'particia diameter) in the test sample No. 8, the average particle djameter .s 3.Qj.m 
and the maximum particle diameter is S.O^m in the test sample No. 13. arid the ^^^'^^^^ ^^'^^'f^ ^^JT^ 
and the maximum particle diameter is e.G^m (four times the average particle diameter) in the est sampte No 14^0n 
the side of the back panel 20. the average particle diameter is S.O^m and the maximum particle diameter is e.G^m in 
me tesf sampte No 7 the average particle diameter is 1 .5^m and the maximum partfcle diameter is S.OMm (four times 
tJeJvlrage particle diameter) in the test sample No. 8. the average particle diameter is 3.0^m and the maximum 
partes dTameter is 9.0^m in the test sample No. 13. and the average particle diameter is r5vxm and the maximum 
particle diameter is 6.0nm (four times the average particle diameter) in the test sample No. 14. 

(Experiment 1) 

[0102] For each of the PDPs corresponding to the test samples Nos. 1 to 1 4. the sizes of the bubbles the diel^trio 
ayers on the discharge elect«xles and the address electrodes are examined by an electron 7'<=;°^2':^^'^9"^ 
fication is 1000 times), and the average bubble diameter is obtained from the measurement of the dameters of a 
S^ermin^ number Of bubbles. The diameter of one bubble is the average of the measurements of two axes. 

(Experiment 2) 

10103] A withstand voltage test is perfomied for each of the PDPs corresponding to the test samples Nos J to 14 in 
he manner given bek,w Before the sealing of the panel, the front panel 10 (the back panel 20 is '^"^^^^^-^^^^ 
discharge electrodes 12 (the address electrodes 22) is set to be the anode. A silver paste f P^'"'^,^ '^'^^'"^ 
glass layer 13 (the dielectric glass layer 23), and the printed silver paste is set to be the cathode after being dried. A 
vSfage Is placed between the anode and the cathode, and the voltage when the electrical breakdown occurs is deter- 

roT^]^'ln LdLtCpa^^^^ (cd/cm^) is obtained for each of the PDPs from the measurement when the 

PDP is discharged with a discharge maintaining voltage of about 1 50V and at a frequency of 30kHz. 

(Experiment 3) 

101051 20 PDPs are manufactured for each of the PDPs corresponding to the test samples Nos. 1 to 14. and a 
LcceSration me test is perfomied for each of the manufactured PDPs. The acceleration life test is performed under a 
Stca^rieveSc^ditlon. i.e.. the PDPs are discharged with a discharge maintaining voltage 200V at a frequency 
Shz for four consecutive hours. After the discharge, the breaking conditions of the dielectric glass layers and the 
like in the PDPs (voltage endurance defects of the PDPs) are checked. 
[01 06] The results of the experiments 1 to 3 are shown on Tables 5 and 6 given below. 
(Table 5) 
(Table 6) 

(Experiment 4) 

rolOTl In the experiment 4. the voltage endurance of dielectric glass layers are measured. The dielectric g'^^s layers 
Kliffl^nt thickness equal to or smaller than 30^m and have been formed using t^^e - J-f^ .^^^^J^^, 
average particle diameters of the glass powders are 3.5^im. 1 .1 urn, and O.Snm. The relation between me thickness of 
dielectric glass layer and the voltage endurance is shown in Fig. 1 2 according to the experimental results. 

(Study) 

[0108] The experimental results on Tables 5 and 6 show that the PDPs corresponding to the ^^""P'^^^ , *° 
6 and 9 to 1 2 have superior panel intensities compared with a conventional PDP. the panel intensity of which is about 



10 



EP 0 957 502 A2 



" S'^rrrirs^r^:— ^^^^^^^^ 

» 1,°"^, l;ri""e"r™«.r dLe.,», A. a a .™... 9te» ™.a« a.».9= d»ma», .~.ze, . 

higher intensity with the same voltage endurance. 



[Example (2)] 

30 [0114] (Table?) 

(Table 8) 

(Table 9) 

(Table 10) 

(Table 11) 
35 (Table 12) 

(Table 13) 

(Table 14) 

(Table 15) 



40 



45 



so 



the front panel is formed using a PbO-BaOa-biOa MI2W3 y dielectric alass In the 

samp.cs Nos. 9 ,o 14. the dielectric ^^^^^^^^^l^^^^^^^ In the 

PDPs corresponding to the test samples Nos. 1 5 to 22, a ^nu 02^3 ^1^2 mi2'-'3 
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20 



POPS corresponding to the test samples Nos. 23 to 30. a PaOg-ZnO-AlaOa-CaO dielectric glass is ^^-^^^^^^^^ 
SSricglas^ayl;^^^^^^^ 

ioiirinVhrp°DPs corresponding to the test samples Nos. 4, 12. 19. 27, 28 and 34. the c'ieleotnc glass la^^^ 
orS according to the spray coating method, and the glass paste is adjusted so that the vscosity « 500 to20 fOOcp. 
PI2S S me PDPs corresponding to the test samples Nos. 5. 11 , 18. 26. and 33. the sp,n coat.ng method .s used, 
and the alass oaste is adjusted so that the viscosity is 100 to S.OOOcp. 

S t the' POPS ^/responding to the test samples Nos. 6 and 20. the blade coating method .s used, and the 

alass oaste is adiusted so that the viscosity is 2,000 to lO.OOOcp. 

Kr c^electl glass layers on the address electrodes are all lormed according to the die coat.ng n^^thod^ 
S S ^^e ?DPs corresponding to the test samples Nos. 7. 8, 1 3, 14. 21 . 22. 29. 30. 35. and ^-^-^^^'^ 
examples In these PDPs, the dielectric glass layers are lormed according to the screen prmt.ng mefliod^and the 
narttoE diameters of the dielectric glass powders used tor the dielectric layers are set to be as 9^«" "elow On the 
Sot theTont panel, the average ^articlediameter is 3.0^m and the maximum particle diameter .s 6 Aun .n the POP 

sample NO. 7. the avenge particle diameter is 1 .5^m and the --^^ P^^^^'J^^^^^^ 
.O^rnVrtLsUieave.^^^^^^^ 

^a^r rm\t s'Sr^^^our'tirs rate^a^ge^pTrlfcle diame.er)^ t'he No. 14 PDP. the average pariicle diameter 
fs 3.im and the maximum particle diameter Is S.O^xm in the No. 21 PDP. the -'^l-^^;^^'^^^^^^^^^. 
the maximum particle diameter is 6.0nm (four times the average particle diameter) in the No. 22 ^^^•J'^^^^'^^l 

2S part~ameterll^^^ 

fs 1 5am and the maximum particle diameter is S.Ojxm in the No. 30 PDP. the average particle diameter 3 0^"Va^^^^ 
he mSm particle diameter is 9.0^m in the No. 35 PDP. and the average particle diameter is l^^fxm «"d the max^ 
murparticle diameter is e.O^m (.our times the average particle diarne.er) '"'^^^ ^^^^^T^^^^^^^^^ 
panel, the average particle diameter is 3.0mn and the maximum particle diameter is S.O^m in the No.7 PDP. 'he average 
partS e diamete? is 1 .Spm and the maximum particle diameter is 6.0^.m (four times the ave^gepartcle d.ameteO - 
me No 8 PDP. the average particle diameter is S.O^m and the maximum particle diameter is 9.0nnn in "^e No- 13 PDR 
t^e avVrage particle diameter is 1 S^m and the maximum particle diameter is e.O^m (four ^J^^^^ '^^^^^^.^^^^ 
diar^eteT) in L No. 14 PDP. the average particle diameter is 3.0,m and the maximum Pf^^VZ, four ttTthe 
the No 21 PDP the average particle diameter is 1.5pm and the maximum particle diameter is 6.0pm ('°"; ''-^^^ '^^^^ 
average partElediameter)rn the No.22PDP,theave.ageparticled^me.erls 

fs 7 0pm in lie No 29 PDP, the average particle diameter is 1 .S^r^ and the maximum particle diameter is 6.5nm in the 
NO sS^Df' the average particle dameter is S.Ojxm and the maximum particle diameter .s 9 O^m in the No. ^ PDR 
and me averageparticle diameter is1.5^unandthe max 
diameter) in the No. 36 PDP 

(Experiment 1) 

r0126l For each of me PDPs corresponding tome test samples Nos. 1 to 14. me sizes of the bubbles in the dielectric 
SersL trdSharge electrodes an'd me address electrodes are examined by an electron 7=[<>-/Pf^^':« ^^^^^^ 
teatSn^ 1000 times), and me average bubble diameter is obtained from the measurement of the d ar^eters of a 
Sete^ined numbe of bubbles. The diameter of one bubble is me average of me measurements of two axes. 
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(Experiment 2) 
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55 



r01271 A withstand voltage test is perfomied for each of me PDPs corresponding to me test samples Nos. 1 to 14 in 
EI mannerl ven below. Before the sealing of me panel, me front panel 10 (me back panel 20 is '^^^'^^^^ 
d^sch^rae electros 12 (the address electrodes 22) is set to be the anode. A silver paste .s printed on the dielectric 
Ss'Ter 3 t^^^^^^^ glass layer 23). and the printed si^,er paste is set to be the cathode after being dried^A 
i?aaeTilaced between the anode and the camode. and the voltage when me electrical breakdown occurs is deter- 
Sef as tt wlsSJ^d vo tags. The panel Intensity (cd/cm^) is obtained for each of me PDPs from the measurement 
when tSe TOP s discharged wim a dLharge maintaining voltage of about 1 50V and at a frequency of 30kHz. 
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(Experiment 3) 

roi2ai 20 PDPs are manutactured for each of the PDPs corresponding to the lest samples Nos. 1 to 36. and a 

Zs "and"he L in the PDPs (voltage endurance defects of the PDPs) are checked. The results of the exper- 

iments 1 to 3 are shown on Tables 17 to 21 given below. 
(Table 17) 
10 (Table 18) 
(Table 19) 
(Table 20) 
(Table 21) 

IS (Study) 

r0129l The experimental results on Tables 17 to 21 show that the PDPs corresponding to the test ^"^P'^| ^os J 
[o 6 9 to 1 2 1 5 1^^ ?3 to 28. and 31 to 34 have superior panel intensities compared with a conventional PDR the 

Lnd the a^ el^at^^^^^^^^ ot the PDPs show that the PDPs corresponding to the test samples Nos. 1 to 6. 9 to 1^ 
1^1^20 fa tS^ including the dielectric glass layers that have been fomned using the glass materials 

smoothness (refer to the surface roughness data in the far-nght column on ^^^^'^^ ,^ ° ^^^^""^^^ 

mSi°M^!>^Z'^ inv.««n ha. full, d=.c*«l by »a, o. wKh ,.f.™nc, lo the .oconnp.. 

construed as being included therein. 
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Claims 

1 A manufacturing method of a plasma display panel, the plasma display panel comprising a front Pa"«'. '"'='"Jing 
a fTontgSs substrate on whi^ a first electrode and a first dielectric glass layer have been tormea and aback 
panel including a back glass substrate on which a second electrode and a phosphor *^l^\^''^^^'^^2^^/6 
fron?and back panels being positkxied so that the first and second electrodes face each other at a predetem^ined 
d^Snci vills being formedTetween the front and back panels, and spaces surrounded by the front panel, the 
back Dane! and the walls being filled with a dischargeable gas, ^ . ^. , ♦ • ^i^^^ i^„«r 

meplasmadisplaypanela^nufacturingmeth 
by firing a glass powder with an average particle diarr^eter of 0.1 to rSpm and a maximum part.cle diameter that 
is no greater than three times the average particle diameter. 

2. The plasma display panel manulacluring method according to Claim 1 . wherein 

thfi hark nanel further includes a second dielectric glass layer, and 
tJeSStaJprnrimanufacturingmethodt 

wi^'^JnTerage particle diameter is 0 1 to 1 .5^m and a maximum particle diameter that .s no greater than 
three times the average partKle diameter. 

3 A manufacturing method of a plasma display panel, the plasma display panel comprising a front panel, including 
^Tc^^gfassTubsUate on whtoh a first electrode and a first dieleclrfc glass layer have been formed, and a back 
iSing a back glass substrate on which a second electrode and a phosphor layer have been formed, the 
'.^ntand back pan^s being posittoned so that the first and second electrodes face each other at a predetem^.ned 
d?slce walte being formed between the front and back panels, and spaces surrounded by the front panel, the 
back panel, and the walls being filled with a dischargeable gas. 

the plasma display panel manufacturing method being characterized by forming the first dielectric g^^s layer 
byaSrgafi^t glass pasteonthefrontglasssubstrate and the fi^^ 

mfithnri and firina a first qlass powder in the first glass paste, 

me flS gl2s paste tlelng a mixture of the first glass powder, at least one of a plasticizer and a surface act.ve 
aaent a binder, and a binder dissolution solvent, ^. . ^. ^ ,.u«4 

The fi g^Ss f^wder with an average parttele diameter of 0. ^ ^ 
is no greater than three times the average particle diameter. 

4. The plasma display panel manufacturing method according to Claim 3. wherein 

tha back oanel further includes a second dielectric glass layer, and . . w 

II Ssn^ drspS panel manufacturing method forms the second dielectric glass layer by apply.ng a second 
glass pa^e on the back glass substrate and the second electrode according to the screen pnnting method 
and firina a second glass powder in the second glass paste, ^..^^^^ 
me sS,d glass paste be^g a mixture of the second glass powder, at least one of a plastK^.zer and a surface 
active aaent a binder, and a binder dissolution solvent, . 
rrsLSglass pow;ier with an average particle diameter of 0.1 to 1 .5^m and a maximum part.cle diameter 
that is no greater man three times the average particle diameter 

5 The plasma display panel manufacturing method according to Claim 4. wherein the first and second glass pastes 
include a titanium oxide powder with an average particle diameter of 0.1 to O.Snm. 

6 A manufacturing memod of a plasma display panel, the plasma display panel comprising a front panel, including 
^Tont lisTubsUate on which a first electrode and a first dielectric glass layer have beer, ««=>""«d- ^"J^^^^^^"^ 
oreMSdiSabackglasssubstrateonwhichasecondeiectrode.aseconddielectncg 

TaTer have ^^^^^^^^ .he front and back panels being positioned so that the ^^^^^^^^ 

each omer at a predetemiined distance, walls being formed between me front and back panete. and spaces 
rounded by the front panel, the back panel, and the walls being filled with a dischargeable gas. 
me plasma display panel manufacturing method being charactenzed by 

(1) tombing the first dielectrk, glass layer by applying a first glass paste on the front 9f 

first XtrLe according to a screen printing method and firing a first glass powder in me first glass paste. 
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tho first glass paste being a mixture of 35 to 70wt% of the first glass powder and 30 to 65wt% of a first 

trf'st'XssTier being an oxide glass powder with an average particle d-eter of 0^1 to 1 .^.m and 
a maximum particle diameter that is no greater than three times the average P^^^'^, ^"'l, „^ „ 

rh™binder component being formed by adding 0.1 to 3.0wt% of at least one of ^ P^^^^^^'^^^^^ 
surface active agent to at least one of acrylic resin, ethyl cellulose, and ethylene ox.de that has been 
dissolved in at least one of terpineol. butyl carbitol acetate, and pentanediol. and by 

(2) forming the second dielectric glass layer by applying a second glass paste on the back Slass substrate 
and Z second electrode according to the screen printing method and firing a second glass powder .n the 

second glass paste, 

the second glass paste being a mixture of 35 to 70wl% of the second glass powder and 30 to 65wt% of 

rhrs'^d'Xss'p^Tr Teing formed by adding 5 to 30wt% of a titanium oxide powder with an average 
particle diameter of 0.1 to 0.5pm to an oxide glass powder with an average particle dia-^eter <^ 0. 1 to 
^.5^^m and a maximum particle diameter that is no greater than three times the average particle diameter, 

fh^second binder component being fomied by adding 0.1 to 3.0wt% of at least one of a P'a«;*^««;^«"J 
a surface active agent to at least one of ac^^lic resin, ethyl cellulose, and ethylene ox.de that has been 
dissolved in at least one of terpineol. butyl carbitol acetate, and pentanediol. 

The plasma display panel manufacturing method according to Claim 6. wherein at least one of f""^^^^^^ 
glass'powders includes at least one ofaPbO-B203-Si02-CaOglasspowder.aPbO-B203^^^^^^^ 
a PbO B,03-Si02-BaO glass powder, a PbO-BaOa-SiOa-MgO-Al^Oa glass P^^^J; « P''°-^2°3-SiO^BaC^A,,o 
glass powd'er. a PbO-BaOa-SO^-CaO-AiPa glass powder, a Bi^3-ZnO-B,03-SO,^CaO glass powder a ZnO- 
IgOa-SiOg-AljOa-CaO glass powder, a P205-ZnO-Al203-CaO glass powder, and an NbaOs-ZnO-B^Og-SOa-CaO 
glass powder as the oxide glass powder. 

The plasmadisplay panel manufacturing method acco«ling to Claim 7. wherein at least one of 'J^j^l^lri 
binder components includes at least one of polycartx>xylic acid, alkyl diphenyl ether sulfonic ac^ sodium salt, alkyi 
Xsphate,?ho^^^^^^^ 

ester polyoxyethylene alkylsulfuric acid ester salt. naphthalenesuHonic acd formalin condensate, glycerol mo- 
nooleate, sorbitan sesquiolaate. and homogenol as a surface active agent. 

The plasmadisplay panel manufacturing method according to Claim 8. wherein at least one of »he fi«t and s«co^ 
Wnder components includes at least one of dibutyl phthalate, dioctyl phthalate, and glycerol as a plasticzer. 

A manufacturing method of a plasma display panel, the plasma display panel comprising a <7"|F«neI, induing 
a fTont glass substrate on which a first electrode and a first dielectric glass layer have been formal and a back 
panel including a back glass substrate on whtoh a second electrode and a phosphor layer have been formed, the 
f'^ntand back?^^^^^^ being posKioned so that the first and second electrodes face each other at - P^edet^mj.n d 
distance, walls being formed between the front and back panels, and spaces surrounded by the front panel, the 
back panel, and the walls being filled with a dischargeable gas. 

the plasma display panel manufacturing method being characterized by formingthe first dielectric gfass layer 
by applying a Lt glass paste on the front glass substrate and the first electrode according 'o « f 

coating method, a spray coating method, a spin coaling method, and a blade coating method andfinng a first 

K f^^s^; paS: Ling' a mSol the firs, glass powder, at least one o, a plasticizer and a surface active 

rhr;.\rspo:rwTht^t^^^^^^^ 

is no greater than three times the average particle diameter 

11. The plasma display panel manufacturing method according to Claim 10, wherein 

the back panel further includes a second dielectric glass layer, and . . ^ . = e^^^nH 

the plsma display panel manufacturing method forms the second dielectric glass layer by applying a second 



10. 
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alass Daste on the back glass substrate and the second electrode according to one of the die coating rnethal 
Ka?^«ng Ith.^. the spin coating method, and the blade coating method and f.nng a second glass 

rhTJe^^nd'^a^s?^^^^^^^^^^ 

active agent, a binder, and a binder dissolution solvent, „or.i^i»HiamotBr 
fhe second glass powder with an average particle diameter of 0.1 to 1 .Sjim and a maxmnum partK^le diameter 
that is no greater than three times the average particle diameter. 

12 The plasma display panel manufacturing method according to Claim 11 . wherein the first and second glass pastes 
include a titanium oxide powder with an average particle diameter of 0.1 to 0.5jim. 

13 A manufacturing method of a plasma display panel, the plasma display panel cornprising a Pf"«'- ^'"^ 
a front alass substrate on which a first electrode and a first dielectric glass layer have been formed and a back 
piriffiudiSa^2kg°asssubstrateonwhichaseco^^ 

faTer have been ionoel the front and back panels being positioned so that the frst and -^''^f ^'^'^^^^^'^^^^^^ 
elcU other at a predetermined distance, walls being formed between the front and back panels, and spaces sur- 
rounded by the front panel, the back panel, and the walls being filled with a dischargeable gas, 
the plasma display panel manufacturinq method being charactenzed by 

(1) torming the first dielectric glass layer by applying a first glass paste on thetront glass ^^^strate and the 
fi!st etectrLle according to one of a die coating method, a spray coating method, a spin coat.ng method, and 
a blade coating method and firing a first glass powder in the first glass paste, 

the first glass paste being a mixture of 35 to 70wt% of the first glass powder and 30 to 65wl% of a first 

metstTss poiier being an oxide glass powder with an average particle diameter of 0^ to 1 .5jxm and 
a maximum particle diameter that is no greater than three times the average particle d.arneter and 
XU^^tJer component being formed by adding 0.1 to 3.0wt% of at least one of « P'««»7«;/"='^^ 
surface active agent to at least one of acrylic resin, ethyl cellulose, and ethylene ox.de that has been 
dissolved in at least one of terpineol, butyl carbitol acetate, and pentanediol, and by 

(2) forming the second dielectric glass layer by applying a second glass paste on the back substrate 
and the sL>nd electrode according to one of the die coating method, the spray coat,ng '"^''^ • ^^'P'" 
Sing method, and the blade coating method and firing a second glass powder in the second glass paste, 

the second glass paste being a mixture of 35 to 70wt% of the second glass powder and 30 to 65wt% of 

Thrs^rgirpow^rTlg formed by adding 5 .o 30wt% o, a titanium oxide P-^or with an av. 
particle diameter Of 0.1 to 0.5nm to an oxide glass powder with an average particle <i^^f^^°^''° 
? 5^ and a maximum particle diameter that is no greater than three times the average particle diameter, 

me second binder component being formed by adding 0.1 to 3.0wt% of at least one of a P'a««^*-«;^«"d 
a surface active agent to at least one of acrylic resin, ethyl cellulose, and ethylene ox.de that has been 
dissolved in at least one of terpineol, butyl carbitol acetate, and pentanediol. 

14 The plasma display panel manufacturing method according to Claim 1 3. wherein at least one ol ^hefirsl and s^^^^ 
JassSwdersinclL^satleastoneofaPbO-B,03-SiO,-CaOgl^^^^^ 

a Pb0^203-SiO,-BaO glass powder, a PbO-BaOa-SiOa-MgO-AlaOa glass P^^^;- « P''°-^2°3-S.02-BaO AI^O 
glass powder, a PbO.Ba03-SiO,.CaO-Al,03 9'a« powder, a BI,03-ZnO-B,03-SO,^CaO ^ass powde^ a ZnO- 
i^Os-SiOa-AlaOa-CaO glass powder, a PaOs-ZnO-AljOg-CaO glass powder, and an Nb^Os-ZnO-BaOa-SiOg CaO 

glass powder as the oxide glass powder. 

1 5 The plasma display panel manufacturing method according to Claim 1 4. wherein at least one ot the first and second 
;i,de components includes at least one of polycarboxylic acid, alkyl diphenyl ether suWonic 

phosphate, phosphate salt of a high-grade alcohol, carboxylic acid of polyoxyethylene ethlene 

ester polyoxyethylene alkylsulfuric acid ester salt, naphthalenesulfonic acid fomialin condensate, glycerol mo- 

nooleate, sorbitan sesquioleate. and homogenol as a surface active agent. 
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17. The plasmadisplay panel manufacturing melhod according to Claim 16. Wherein a viscos^^^ 

glass pastes is 100 to SO.OOOcp. 

mmmmmm. 

that is no greater than throe times the average particle diameter. 

19. A plasma display panel comprising: 

a front panel, including a front glass substrate on which a first electrode and a first dielectric glass layer have 
a bacSnt fnduding a back glass substrate on which a second electrode and a phosphor layer have been 

rlTd^sr-^^^i^^^^^ 

front oanel the back panel, and the walls being tilled with a dischargeable gas. and ^:,^„»or 
diameter. 

20. The plasma display panel according to Claim 19. wherein 

the back panel further includes a second dielectric glass layer, and Hi^motor of n i 

21. A plasma display panel comprising: 

a f«>nt panel, including a front glass substrate on which a first electrode and a first dielectric glass layer have 

a bTckTn^l : fnduding a back gtess substrate on which a second elect«xle and a phosphor layer have been 

Sr^^t and back panels being positioned so that the first and second electrodes face each other at a pre- 
dtto^ned dSSce walls bein'g'f ormed between the front and back panels, and spaces surrounded by the 

rr^rrS^^^^^^^^^^^ 
rhrr;t^j;2:^,:™ 

is no greater than three times the average particle diameter. 

22. The plasma display panel according to Claim 21, wherein 

the back oanel further includes a second dielectric glass layer, and ^ . , ^ tr^t^ ^nrf 

TZ Scl ndTellctric gtess layer is formed by applying a second glass paste - 

the second electrode according to the screen printing method and firing a second glass powder in the second 
Te^econd glass paste being a mixture of the second glass powder, at least one of a plasticizer and a surface 
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10 



15 



that is no greater than three times the average particle diameter. 

23. The plasma display panel according to Claim 22. wherein the first and second glass pastes include a titanium 
oxide powder with an average particle diameter of 0.1 to CS^im. 

24. A plasma display panel comprising: 
a front panel, including a front glass substrate on which a first electrode and a first dielectric glass layer have 
ab'acM™^: "eluding a back gbss substrate on which a second electrode, a second dielectric glass layer. 

so that the .irst and second electrodes .ace each other at a pre- 
dete^mini diSLnoa be^g^rmed between the front and back panels, and spaces surrounded by the 
front panel, the back panel, and the walls being filled with a dischargeable gas. 

m the first dielectric glass layer having been formed by applying a first glass paste on the front glass 
sulirlnTthe first^elec.«)Je according to a screen printing method and firing a first glass powder ,n 
20 the first glass paste. 

the first glass paste being a mixture ot 35 to 70wt% of the first glass powder and 30 to 65wt% of a 

;i;:V'lTg1L\°^'S"^^^^ an oxide glass powder with an average particle diameter of 0.1 to I^S^rn 
andamJcimumparticlediameterthat is nogreaterthan three timestheave^^^^ 
Sie first binder component being formed by adding 0.1 to 3.0wt% of at least one of a plas licizer and 
rLri?ce 2.le age^o at least one of acrylic resin, em^^ 
dissolved in at least one of terpineol. butyl carbitoi acetate, and pentanediol, and 

(2) the second dielectric glass layer having been formed by applying a second glass paste back 
glass substrate and the second electrode according to the screen printing method and f.nng a second 
glass powder in the second glass paste, 

the second glass paste being a mixture of 35 to 70wt% of the second glass powder and 30 to 65wt% 

1%!^? gtsTpTdrbSg formed by adding 5 to 30wt% of a titanium oxide - 
alerage particle diameter of 0.1 to 0.5^m to an oxide glass powder with an average part«^ diameter 
TaMo 1 and a maximum particle diameter that is no greater than three times the average 

ritorbSr^lponent being formed by adding 0.1 to 3.0wt% of -e-t 
and a surface active agent to at least one of acrylic resin, ethyl cellulose, and ethy ene oxide that has 
been dissolved in at least one of terpineol, butyl carbitoi acetate, and pentanediol. 
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25 The plasma display panel according to Claim 24. wherein at least one of the first and second «'ass POwders 
' Iict^Si a'Lst one of a PbO-BPa-SiO.-CaO glass powder, a ^°3-SiO.-MgO g^^^^^^^^ 

SiO.-BaO glass powder, a PbO-BaOa-SiOa-MgO-A^Oa glass powder, a PbO-BaOg-SiOa-BaO AlaO glass powoer 
a B O -Siol-CaO-AUO, glass powder, a BlaOa-Zno-BaOg-SiOa-CaO glass powder, a ZnO-B^OQ-SiOrMzOy 
IIoSS'^^Cp^O^Zo^^^ Powder.'and an Nb,Os-ZnO-B,03-SiO,-CaO glass powder as 

the oxide glass powder. 

26 The Dbsma display panel according to Claim 25. wherein at least one of the first and second binder c=omponents 
«s at leal?o^e of polycarboxylic acid, alkyi diphenyl ether sulfonic acid sodium salt alkyl P^^^-^P^' 
Se salt of a high-grade alcohol, carboxylic acid of polyoxyethylene ethlene diglycerolboric acid este, polyox- 
;X,onaatylsuSur?cacWestersalt.naphthalenesulfonicacidfor^^^^ 

ss sesquioleate. and homogenol as a surface active agent. 

27. The plasma display panel according to Claim 26. wherein at least one of the first and second binder components 
includes at least one of dibutyl phthalate, dioctyl phthalate, and glycerol as a plasticizer. 
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28. A plasma display panel comprising: 

a f,ont panel, including a front glass substrate on which a first electrode and a first dielectric glass layer have 
a'bac^^Tnti; Suding a back gtass substrate on which a second electrode and a phosphor layer have been 

Srant and back panels being positioned so thai the first and second electrodes face each other at a pre^ 
determined distance, walls being formed between the front and back panels, and spaces surrounded by the 
front panel, the back panel, and the walls being filled with a dischargeable gas, and 
t^Tf irst dielectric glass layer is formed by applying a first glass paste on the front glass ^^^^^^^^^^^l^'^' 
electrode according to one of a die coating method, a spray coating method, a spin coating method, and a 
blade coating method, and firing a first glass powder in the first glass paste, 

the first glass paste being a mixture of the first glass powder, at least one of a plasticizer and a surface active 
aqent, a binder, and a binder dissolution solvent. ih=t 
fhe first glass pi^wder with an average particle diameter of 0. 1 to 1 Sjim and a maximum particle diameter that 
is no greater than three times the average particle diameter. 

29. The plasma display panel according to Claim 28. wherein 

the back oanel further includes a second dielectric glass layer, and 

Z ScSnd SUric g^ss layer is formed by applying a second gtass paste on me '^''^^9'-- ^/^^^^^ 
the second electrode according to one of the die coating method, the spray coatmg method, the spin coating 
method, and the blade coating method and firing a second glass powder in the second glass paste 
lesToonti glass paste being a mixture of the second glass powder, at least one of a plasticizer and a surface 
active aaent a binder, and a binder dissolution solvent, . . 

The second glass pow;jer with an average particle diameter of 0.1 to 1 .5^m and a maximum particle diameter 
that is no greater than three times the average particle diameter 

30. The plasma display panel according to Claim 29. wherein the first and second glass pastes include a titanium 
oxide powder with an average particle diameter of 0.1 to 0.5nm. 

31. A plasma display panel comprising: 

a f rant panel, including a front glass substrate on which a first electrode and a first dielectric glass layer have 

f bTcSn^ tncluding a back gtoss substrate on which a second electrode, a second dielectric glass layer, 

and a phosphor layer have been formed. w ♦u . «♦ « ,^ra 

me from and back panels being positioned so that the first and second electrodes face each other at a pre- 
deteS^ distance, walls bei^g formed between the front and back panels, and spaces surrounded by the 
front panel, the back panel, and the walls being filled with a dischargeable gas. 

(1) the first dielectric glass layer having been fom^ed by applying a first glass paste on 'l^^ J^"* 9|f " 
substrate and the first electrode according to one of a die coating method, a spray coating method a spin 
coating method, and a blade coating method and firing a first glass powder in the first glass paste. 

the first glass paste being a mixture of 35 to 70wt% of the first glass powder and 30 to 65wt% of a 
first binder component. _„,^,^«n 1 i c,,m 

the first glass powder being an oxide glass powder with an average particle ^'^-^^'^^ °» 
and a maximum particle diameterthat is no greater than three times the average part cle diameter and 
L first binder exponent being formed by adding 0. 1 to 3.0wt% of at least one of a J'^'"^ 
a surface actN^e agent to at least one of acrylic resin, ethyl cellulose, and ethylene oxide that has been 
dissolved in at least one of terpineol. butyl carbitol acetate, and pentanediol, and 

(2) the second dielectric glass layer having been formed by applying a second glass P^^»«J>" 

glass substrate and the second electrode according to one of the die coating method, the Woat "g 
method, the spin coating method, and the blade coating method and finng a second glass powder in me 
second glass paste, 
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the second glass paste being a mixture of 35 to 70wt% o« the second glass powder and 30 to 65wt% 

rhe%':::."d%tsTprdr;i forced by adding 5 to 30w.% o, a titanium oxide Powder with an 
average particle diameter of 0. 1 to 0.5^.m to an oxide glass powder with an average P^^^J^* d'ameter 
of 0.1 to 1. Sum and a maximum particle diameter that is no greater than three times the average 

me'L?coTbrder"lponent being formed by adding 0.1 .o 3.0wt"A of at .east one of a pjas^cizer 
and a surface active agent to at least one of acrylic resin, ethyl cellulose, and ethylene ox.de that has 
been dissolved in at least one of terpineol, butyl carbitol acetate, and pentanediol. 

32 The plasma display panel according to Claim 31. wherein at least one of the first and second fllass powders 
J,cLSes "east'one Sf a PbO-B^Oa-SiO^-CaO glass powder, a ^^^-^"i^^^--^^^^'^^^ 
SiOa-BaO glass powder, a PbO-BaOg-SiOa-MgO-AlaOa glass powder, a Pb<>B203-S.02-BaO-Al20 glass powd^^ 
a PbO-B,03-SiO,-CaO-AI,03 glass powder, a Bi.03-ZnO-B,03-SiO,-CaO gl^s f^mle. a Z"^B,03-S,0, 
AiPa-CaO glass powder, a PjOg-ZnO-AlaOa-CaO glass powder, and an NbPs-ZnO-BaOa-SOa CaO glass pow 
der as the oxide glass powder. 

33 The Plasma display panel according to Claim 32, wherein at least one of the first and second binder components 
^nct.S2Tt lett one'^ polycarboxy'lic acid, alkyi dipheny. ether sulfonic acid sodium salt alky. 

Dhme ilt of a high-grade ateohol. carboxylic acid of polyoxyethylene eth.ene d.g.ycero.bonc ^c'd ester, polyox- 
jSe^ealkylsutricacklestersalt. naphthalenesulfonlcacklformalin condensate. gl^^ 

sesquioleate. and homogenol as a surface active agent. 

34 The plasma display panel according to Claim 33, wherein at least one of the first and second binder components 
includes at least one of dibutyl phthalate, dioctyl phthalate, and g^cerol as a plasticizer. 

35. The plasma display panel according to Claim 34. wherein a viscosity of the first and second glass pastes Is 100 
to SO.OOOcp. 

36. A plasma display panel comprising: 

a front panel. Including a front glass substrate on which a first electrode and a first dielectric glass layer have 

T^J^Si including a back glass substrate on which a second electrode, a second dielectric glass layer. 

tH^^^'Z^r^Z'SS'^Sls. so that the first and second electrodes face each other at a p re^ 
detel^n^ distance, wa.b being formed between the front and back panels, and spaces surrounded by the 
front panel, the back panel, and the walls being filled with a dischargeable gas. and 

t^secTnd dielectric glass layer having been fomied by firing a glass powder wrth an average particle diameter 
Tf 0 Tto 1 .5^m and a maximum particle diameter that is no greater than three times the average particle 

diameter. 



41 



EP 0 957 502 A2 




42 



EP 0 957 502 A2 



FIG. 2 



y///////////7777A 




11 
12 



FIG. 3 




43 



EP 0 957 502 A2 



FIG. 4A 



FIG. 4B 



FIG. 40 




FIG. 4D 



45 



46\12 



^^^^ ivv^ ii ^ssa—ESS 



FIG. 4E 



45 



11 



44 



EP 0 957 502 A2 




BP 0 957 502 A2 



FIG. 6 

60 
/ 




46 



EP 0 957 502 A2 



FIG. 7 
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FIG. 9 
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FIG. 13 
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